Abstract The effects of exogenous application of plant growth regulators (PGRs) like kinetin and a morphactin were investigated in leaf discs obtained from detached senescent Raphanus sativus L. Chetki long leaves under continuous light with fluorescent tube of 8.12 μmol photon m -2 s -1 PFD. Senescence induced changes were characterized by a gradual breakdown of chlorophylls, carotenoids and protein whereas, POD (peroxidase) and protease activity; and total sugars revealed an increment. Application of kinetin (KN) and a morphactin (MOR; chlorflurenol methyl ester-CME 74050) found to be effective in senescence delay, by minimizing breakdown of chlorophylls and carotenoids; and by bringing down peroxidase and protease activity, and sugar accumulation. Although both PGR's were able to minimize senescence, their higher concentration found to be more effective than the lower one.
Introduction
Alterations in the duration, intensity, quality and interaction of light with other environmental variables bring about important changes in excised leaves (Hodges and Forney 2000) . Besides light, a number of plant growth regulators (PGRs) such as kinetin (KN), morphactin (MOR), and salicylic acid (SA) are well known for postponing senescence. Morphactins are a novel group of synthetic plant growth regulators which modify growth and development (Schneider 1970) and also delay senescence (Nooden and Nooden 1985) . Cytokinins also regulate a number of growth and developmental processes in plants, such as stimulating cell division, maintaining plant vigor and delaying plant senescence (Gan and Amasino 1997; Robson et al. 2004) . Consequently the main objective of this study was to evaluate role of light and two PGRs viz. KN and MOR in the regulation of leaf senescence as fewer reports are available indicating how MOR application can tackle the problem of short shelf life being experienced by all green leafy vegetables including radish, and to compare with that of KN. Short shelf life is the major problem faced by all the green leafy vegetables.
Material and methods
Seeds of Raphanus sativus L.cv. Chetki long were germinated and plants were grown in experimental cage of University botanical garden, Kurukshetra. The length, breadth, and height of the cage were 12 m×12 m×2.5 m respectively. Seeds were sown inside cage in nine experimental plots, each one with an area of 1×3 m 2 . Experimental beds were prepared with typical garden soil as per common agronomical practice. During growth of plants average low and high temperatures were 11°C and 24°C respectively whereas RH values were 94 % and 53 % during morning and afternoon hours. Plants were irrigated twice a week. After about two months of sowing, mature radish leaves were collected, washed and dried in the folds of blotting paper during morning. Punched out leaf discs were floated on 6 ml of two concentrations each of KN (0.375 μM; pH-5.50 and 3.75 μM; pH-5.30) and MOR (3.64 μM; pH-6.27 and 36.4 μM; pH-5.77) placed in Corning Petri dishes of 9 cm 2 diameter and incubated at 24±2°C. Each Petri dish was lined with Whatmann No. 1 filter paper with 55 leaf discs, each one having an area of 0.6 cm 2 . Control sets were maintained in distilled water. Samples were collected at 0, 2, 4 and 6 day during light of 8.12 μmol photon m -2 s -1 photon flux density (PFD). Three replicates were used for each biochemical analysis.
Chlorophylls and carotenoids estimation
The amount of samples used for an extraction ranged from 50-100 mg depending upon availability and requirements. Chilled 80 percent acetone (AR grade) and a pinch of CaCO 3 were used during extraction and the absorbance was recorded at 480, 510, 645, and 663 nm using an UV-vis spectrophotometer (Specord-205 Analytik Jena, Germany). The pigments were estimated by the formulae and method of Arnon (1949) and Holden (1965) .
POD activity
The total peroxidase activity was measured by the method of Maehly (1954) .
Protein estimation and protease activity
Protein was estimated by the method of Bradford (1976) using coomassie brilliant blue G-250 dye. The ninhydrin method was followed for the estimation of protease activity originally described by Yemm and Cocking (1955) and modified by Reimerdes and Klostermeyer (1976) . The protease activity was expressed in μM lysine equivalent per 100 mg weight of the sample per hour.
Total soluble sugar
The total soluble sugar was measured following the method of Hart and Fisher (1971) . Amounts of reducing and non reducing sugars were calculated against a standard curve of glucose. Three replicates were used for each biochemical analysis.
Result and discussion
Results of Raphanus sativus leaf discs during 2, 4 and 6-day as incorporated in Figs. 1, 2, 3 and 4 revealed a regular reduction in the amount of chlorophylls, carotenoids and proteins; increased activities of POD and protease and rise in total soluble sugars during progress of senescence. Figure 1 shows a pronounced degradation of chlorophylls and carotenoids in leaf discs of Raphanus sativus. Chlorophyll breakdown is the most typical symptom of leaf senescence (Grover and Mohanty 1993; Smart 1994) . In the present study comparison of chl a and chl b values revealed much higher breakdown of the former than the latter at 2-day but the reverse trend was seen in most of the cases when leaf discs were analysed after 4 and 6-day ( Fig. 1) . Chl a and chl b do not generally degrade at the same rate, various trends in the chl a/b ratio have been observed with different plant species under various senescence conditions (Hidema et al. 1992; Lu and Zhang 1998a, b) . However, degradation of chl a during senescence is well documented; chlorophyllase is the first enzyme to open the porphyrin macrocycle ring of chl a. It is assumed that chl b is converted to chl a before degradation (Matile et al. 1996) . Leaf discs having MOR applications showed greater reduction in chl a. Both the PGRs used in this study markedly reduced the degradation of all pigments as evident from the per cent changes. Higher concentration of KN and MOR was more effective than the lower one (Fig. 1) . It has been demonstrated that cytokinin treatment reduced activity of chlorophyllase, Mg-dechelatase and peroxidaselinked chlorophyll bleaching in broccoli florets during postharvest stage (Costa et al. 2005) . Therefore a similar mechanism is proposed in the present research for chl retention. Cytokinins have the ability to suppress chlorophyll loss in leaves during senescence process (Arteca 1996) . In the present study, per cent degradation of total chlorophyll and carotenoid during 6 day in control was about 72 and 73 respectively, however values after 2 and 4 day clearly indicate greater changes in the former than latter. Carotenoid degradation during senescence was much higher in control whereas in treated leaf discs remarkable reduction in the losses has been found. At 2-day stage in light, reduction in the total chlorophyll content was higher than carotenoids. Cytokinins increase the synthesis of carotenoids, which are known to protect the reaction centers from the detrimental effects of light and oxygen too (Chernyad's 2000) . Degradation of the chloroplast components (chlorophylls, proteins) and a decline in the photosynthetic function are usually slower under light conditions (Kar et al. 1993; Chang and Kao 1998) . Retardation in degradation of chlorophyll or promotion of its synthesis with kinetin in leaves has been also suggested by Kumar (1990) and Rao (1990) ) and in Raphanus sativus under low light senescence. Moreover, endogenous levels of cytokinins decline in parallel with the progression of senescence thereby illustrating the control exercised by that hormone. A striking example of this suppressive effect has been observed in transgenic tobacco and lettuce plants that expresses the ipt gene, an Agrobacterium-originated cytokinin biosynthesis gene, under the control of the senescence specific SAG12 promoter. Transgenic plants show markedly delayed leaf senescence (Gan and Amasino 1995; Mckenzie et al. 1998; McCabe et al. 2001) .
In the present study, POD activity was markedly decreased when PGR treatments were given to delay senescence with respect to control. Samples collected after 4 and 6-day exhibited much higher differences with respective controls and treated samples. For reducing POD activity, best result was noticed with KN, followed by MOR treatments; in both the cases, higher concentration performed better (Fig. 2) . Effective role of KN to reduce POD activity and delay senescence was noticed earlier with leaves of C. cajan (Rao and Mukherjee 1990) . POD is one of the enzymes predominantly found in the plants which bleach chlorophyll in presence of H 2 O 2 and certain phenolics (Ponmeni and Mukherjee 1997) . Primary function of peroxidase is to oxidize molecule at the expense of H 2 O 2 . The activity of guaiacol dependent POD increased during entire ontogeny of bean cotyledons (Wilhelmova 1998) .The increase in POD activity has also been reported in the senescing cotyledons of cucumber (Kanazawa et al. 2000) and attached nodal leaves of Cajanus cajan L. during development and senescence (Jakhar and Mukherjee 2006) .
Protein breakdown has been also considered to be one of the important events during leaf senescence and enzymes associated with the process are known as proteases. Data incorporated in Fig. 3 have shown degradation of protein content and gradual increment in protease activity with the advancement in senescence. Protein content at initial day was 20.934 mg/100 mg on dry weight basis. As number of days increased and senescence process progressed further, per cent degradation of protein changed to 49.62, 55.68 and 83.59 at 2, 4 and 6-day. Among applied plant growth substances, KN was found to be quite effective in retaining proteins in comparison to control; the higher concentration of KN could give the best results (Fig. 3) . However, no appreciable change could be seen after MOR treatments. Kuraishi (1968) have shown that the higher protein content in ageing leaves after KN treatment was due to a delay in protein breakdown and not due to increased synthesis. The effect of KN in retarding protein degradation confirmed findings of earlier workers (Paranjothy and Wareing 1971; Martin and Thimann 1972a, b) . Studies carried out earlier indicate that morphactins can also bring down chlorophyll and protein hydrolysis (Schneider 1970; Mukherjee et al. 1983) .
Hydrolysis of proteins to free amino acids depends on the action of several endopeptidases and exopeptidases (Hortensteiner and Feller 2002; Otegui et al. 2005) . Several other proteases, such as, endoproteases, amino and carboxypeptidase are abundant in senescing tissues. Also, many cysteine, aspartic and metallo-proteases have been identified among the senescence upregulated genes (Browse and Somerville 1991) . It may be assumed that higher proteolytic activity may be the prime reason for the protein degradation as has been observed in earlier studies (Kumar and Mukherjee 1992; Mukherjee and Rao 1993; Jakhar and Mukherjee 2006) . Present findings also indicate that protein loss is connected with the increment in protease activity. The activity of protease was particularly higher in the advanced stages of senescence. Here not only KN but MOR could also reduce the enzymatic activity. Best result in controlling protease activity was obtained with higher concentration of KN followed by lower KN, higher MOR and lower MOR concentration (Fig. 3) . It is possible to check the degradation of protein, DNA and RNA by KN application in senescing leaves, flowers and pods of Cajanus cajan L. (Mukherjee and Kumar 2007) . Earlier investigation on leaf disc senescence in Spinacia oleracea L. has revealed the effectiveness of KN in minimizing protease activity (Mukherjee and Jakhar 2009) . A comparative study on senescence regulation by KN and MOR using leaf discs of Lycopersicon esculentum and Solanum melongena has revealed that both PGRs are highly active to modify the retention of chlorophylls and protein degradation (Rajbala and Mukherjee 2004) . They also bring down protease activity significantly but KN has been more effective than MOR. Evidence is available that some enhanced proteases accumulate in the vacuole as an inactive aggregate which slowly mature to produce a soluble active enzyme at later stage of senescence (Yamada et al. 2001) but there are proteases also in chloroplasts as well as in peroxisomes (Hellgren and Sandelius 2001) . Present investigation also revealed an increment in reducing and non reducing sugars. Increment in non reducing sugars was constantly higher than reducing sugars. Per cent increments of reducing and non reducing sugars in control after 6-day was 959.03 and 1173.45 respectively. Total sugar increment was maximum between 4 and 6-day. Kinetin and morphactin applications appreciably brought down the accumulation of both sugars which is very interesting as seen in 6-day samples. Balibrea et al. (2004) have provided a mechanistic explanation for the interactions between cytokinins and sugars in the regulation of senescence. By inducing extracellular invertase cytokinin increases sugar utilization, thereby surprisingly decreasing glucose accumulation and delaying senescence. It was postulated that due to reduction in photosynthetic efficiency, there may be sugar starvation which may act as a signal for induction of senescence (Hensel et al. 1993) . However, later studies revealed that the accumulation of glucose and sucrose repress the transcription of the photosynthetic genes (Rolland et al. 2002) . Moreover, senescing leaves have been found to accumulate glucose and fructose rather than exhibiting sugar starvation (Wingler et al. 1998; Stessman et al. 2002) . Similarly, Quirino et al. (2001) and Stessman et al. (2002) have reported hexose accumulation in senescing Arabidopsis. Present findings on sugar accumulation with progress of senescence in radish leaf discs in light further confirm the above observation. Sugar signaling has emerged as an important regulator of leaf senescence (Rolland et al. 2002) . Glucose levels in cells are continuously assessed by hexose kinase (HXKs), whilst some glucose signaling also occurs through a hexose kinase-independent pathway. A complex interaction has been found between glucose signaling and signal transduction through various hormones such as ABA, auxin, cytokinin and ethylene. For example HXK1 is present in high molecular-weight complexes in the nucleus, where it controls transcription and the proteasome mediated degradation of the ethylene insensitive3 (EIN3) transcription factor, thereby counteracts the effect of ethylene (Rolland et al. 2006) . Furthermore, sugars can prevent the up regulation of EIN3 transcription factors during senescence (Van Hoeberichts et al. 2007 ), which might also act through HXK. These data indicate that it is plausible to assume that sugars might have a role in signaling at least some of the changes in overall plant status that leads to leaf senescence.
Conclusion
From overall discussion it can be concluded that to some extent two concentrations of KN (0.375 μM and 3.75 μM) and MOR (3.64 μM and 36.4 μM) used in this investigation were effective in checking the ongoing senescence process in leaf discs. But higher concentration of kinetin exhibited a significant retention in the levels of chloroplast pigments and proteins in all stages in comparison to respective controls. This concentration of kinetin was able to reduce both peroxidase and protease activity, and the amount of total soluble sugars significantly in all stages.
Future plan of action
Vegetables harvested before full maturity are exposed to enormous stress by the sudden interruption of the energy and nutrient supply. Green leafy vegetables show a very fast postharvest senescence during storage resulting loss of chlorophyll, damage to cellular structures and finally cell death. Being a cruciferous vegetable, R. sativus is an important source of dietary nutrients and antioxidants. However, the available information is inadequate on variability of SOD, POD, APX and CAT activity in detached as well as attached systems. This knowledge will have greater impact to understand the shelf life of produce. Further investigation can be carried out to find out the stage of the leaves having best antioxidant system in various green leafy vegetables and to correlate them with changes at molecular level. Therefore such a study on leaf senescence will not only contribute to our knowledge about this fundamental developmental process, but it may also lead to manipulating senescence for improving crop productivity.
